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is secretion-dependent, but agonist- and aggregation- inde- 
pendent. 

Antigen Specificity — The specificity of the antibody for a 
platelet antigen was examined using the Western blot method. 
For purposes of comparison, platelet proteins from thrombln- 
activated platelets and resting platelets were solubtlized in 
SDS and analyzed. As shown in Fig. 5, the KC4 antibody 
bound to a single band in the solubiJized thrombin-activated 
platelets and resting platelets. This band migrated with an 
apparent molecular weight of 139,000. Platelets, surface-la- 
beled with "*! using the lac tope roridase method, were run for 
comparison. The characteristic band pattern of the ^-la- 
beled platelets showed GPIIb, GPIle, and GPIII (25). The 
protein antigen of the KC4 antibody migrated between gly- 
coproteins lib and Ha. Red blood cells, neutrophils, mono- 
cytes, lymphocytes, GM4672 (a lymphocytoid cell line), and 
Alexander PLC/PRF/5 (s human hepatoma cell line) were 
solubtlized in SDS and their proteins similarly examined for 
binding to the KC4 antibody using the Western blot method. 
None of these cells contained proteins which bound to this 
antibody. 

Purification of the KC4 Antigen— The KC4 antigen was 
purified from crude platelet membranes by affinity chroma- 
tography. The proteins were extracted from the membranes 
using Triton X-100, and these proteins applied to an affinity 
column containing the KC4 antibody covalently coupled to 
agarose. The material applied to the column was heteroge- 
neous (Fig. 6) and most of these proteins failed to bind to the 
KC4 antibody-agarose. The bound protein, eluted with dieth- 
ylamine, migrated as a major diffuse band on SDS gels upon 
electrophoresis in nonreducing conditions (Fig. 6). Several 
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Fig. 5. Imrnunoblotting of platelet proteins with the KC4 
monoclonal antibody. SDS extracts of resting and thrombln-acu- 
vated platelets were prepared and subjected to electrophoresis in 
non reduced SDS gels. l0 I-surface-lAbeJed platelet proteins were run 
as standards. After electrophoretic transfer and blotting with 
labeled KC4 antibody, the blot was developed by autoradiography. 
Lanes I and 4, ai l -labeled platelet protein*; Lane Z> solubilized 
unlabeled resting platelets; tone 3, solubilized unlabeled thru robin- 
activated platelets. The proteins were blotted with m l -labeled KC4 
antibody. Glycoproteins lib, IK and HI are identified, for compari- 
son. 
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Fto 6 SDSgeJelectfopthoreBteof iinmunoaffimty-jwrified 
KC4 antigen. Platelet membrajie proteins were extracted into I n- 
ton X-100, and the proteins applied to o KC4 antibody-agaiose 
column. The bound protein waa eluted with diethylamide and ana- 
lyzed by SDS gel electrophoresis. Lane /, solubilized platelet mem- 
brane proteins; Lane 2, solubilixed platelet membrane proteins which 
did not bind to KX4 antibody- agarose; lane 3. bound fraction of 
soJubiliied platelet membrane proteins eluted with diethylamine A. 
nan reduced; B, reduced. The migration of proteins ol known molec- 
ular weight is indicated. Proteins were visualized with adver stain. 

minor high molecular weight contaminants were also ob- 
served. The dominant protein band corresponded to an ap- 
parent molecular weight of 140.000. The character of this 
band was unchanged in the presence of Ca** or EDTA- In 
SDS gels run under reducing conditions, the purified KC4 
protein migrated as a single narrow band also with a molecular 
weight of 140,000. These results indicate that the KC4 protein 
is composed of a single polypeptide chain. 

DISCUSSION 

Like the zymogens of the blood-clotting enzymes and the 
pro-cofactors which exist in the blood in a precursor form, 
platelets circulate in the blood as inert cells vis a vis therr 
function in coagulation. Upon activation of blood coagulation, 
platelets undergo a metamorphosis which can be observed 
biochemically and morphologically. Despite considerable ad- 
vances in the description of protein components of the platelet 
membrane (36). incomplete information is available concern- 
ing the exposure or expression of receptors and enzyme activ- 
ities which are unique to the activated platelet membrane 
surface. To approach this problem, we have prepared mono- 
clonal antibodies specific for activated platelets and charac- 
terized the antigen against which one of these antibodies is 
directed. 

The KC4 clone was selected from among a laTge number ot 
clones producing monoclonal anti-platelet antibodies on the 
basis of its ability to produce antibody which bound to acti- 
vated platelets, but not to resting platelets. Because of the 
difficulty in getting reproducible numbers of platelets bound 
to the solid phase for the EUSA, we reserved this assay for 
screening purposes and relied on a solution phase radioim- 
munoassay to quantitate the reactivity of the KC4 antibodies 
with resting and activated platelets. Using unfixed gel-filtered 
platelets, we determined that tho KC4 antibody bound to 
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thrombin-activeted platelets with an average binding con- 
stant, Kb, of 7.2 nM. These antibodies bound less tightly to 
resting platelets, 100-fold more antibody being required with 
resting platelets to give binding comparable to that observed 
with the thrombin-activated platelets. On the basis of these 
experiments, it is not possible to distinguish between a pool 
of resting platelets which is contaminated with 1% activated 
platelets, platelets which allow partial entrance of antibody 
into the cell, or the partial expression of the KC4 antigen on 
the resting platelet surface to which the monoclonal antibody 
binds with lower affinity. Considerable efforts were taken to 
maintain the platelets in their resting state, inchiding the use 
of adenosine and acetylsalicylate. However, KC4 antibody, at 
high concentration, bound to the resting platelets. Nonethe- 
less, these antibodies demonstrated a marked preference for 
the activated platelet. 

The accumulated data suggest that this is a platelet mem- 
brane protein that has not been previously purified This 
conclusion is based upon the molecular weight of the protein, 
the number of KC4 antigens per platelet, and the distribution 
of the protein in resting and activated platelets. The protein 
migrated as a single band in SDS gels and yielded an apparent 
molecular weight of 140,000 under nonreducing and reducing 
conditions. This band reproducibry migrated between glyco- 
protein lib and glycoprotein IXa. Approximately 13,000 KC4 
antigens per platelet were observed. This value differs from 
the estimated number of fibrinogen receptors (40,000 per 
platelet), a structure attributed to glycoproteins Ilb-IU (6). 
However, the recent report of McEver and Martin (37) indi- 
cates that their monoclonal antibody specific for thrombin- 
activated platelets recognizes about 9,000 sites per platelet, a 
value similar to our own. Further, the platelet antigen that 
they describe has a similar apparent molecular weight to the 
KC4 antigen. These results suggest that both the KC4 anti- 
body and the antibody reported by McEver et aL may be 
directed against the same platelet antigen. A recent report by 
Go gated et at (38) describes a protein antigen, G18, present 
in the cc-granule membranes but not in the plasma membrane 
of resting platelets. With a molecular weight of 130,000- 
135,000 in reduced and unreduced gels, this protein may be 
related to the KC4 antigen. 

The expression of the KC4 protein on the platelet surface 
was independent of platelet aggregation os the agonist used 
to activate the platelets. Rather, expression was secretion- 
dependent, with the extent of KC4 protein expression directly 
correlated to the extent of platelet secretion. Acetylsalicylate, 
which inhibits secretion, also inhibited expression of this 
protein. However, this protein is distinct from other proteins 
secreted from the a-granulea in that thrombospondin, platelet 
factor four, and 0-thrombglobulin arc either released from the 
platelet into the surrounding environment or bind to the 
platelet plasma membrane through the action of calcium. KC4 
antigen remains associated with the isolated platelet mem- 
brane. EDTA, solutions of high ionic strength, or oolutions of 
low or high pH failed to dissociate the KC4 antigen from the 
platelet membrane. These results suggest that the KC4 anti- 
gen is an integral membrane protein in the activated platelet 
Since KC4 antigen can be identified in Bolubilized resting 
platelets by the Western blot technique and can be isolated 
from a crude membrane fraction containing granule and 
plasma membranes, it may be a component of a granule 
membrane. A recent report of a monoclonal antibody, specific 



for activated platelets, that binds a subpopulation of internal 
granule membranes in platelets and macrophages is compat- 
ible with this hypothesis (39). However, the relation between 
the KC4 antibody and this antibody remains uncertain. 

In Bummary, we have used an immunologic approach to 
identify a structure on the postsecretion plasma membrane 
surface of activated platelets. This platelet-specific protein is 
composed of a single chain with a molecular weight of about 
140.000. Approximately 13,000 sites are expressed on the 
surface of normal platelets. This protein is an integral mem- 
brane protein of the activated plasma membrane. The com- 
plete characterization of this protein and the deteirmination 
of its function should increase our understanding of platelet 
function and the role of the platelet membrane in hemostasia. 
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